AD 6380389

o m——

DEPARTMENT OF

ATMOSPHERIC SCIENCES.

FORMERLY DEPARTMENT OF METEOROLOGY AND CLIMATOLOG‘\’

UNIVERSITY OF WASHINGTON

 TECHNICAL 'REPORT

OFFICE OF NAVAL RESEARCH
Contract 477(24) (NR 307-252)

AN ANALYSIS OF CARBON DIOXIDE IN THE
ARCTIC ATMOSPHERE AT BARROW, ALASKA
- DURING 1961-1962-1963

REPORT NO. 2
by
JOHN J. KELLEY, JR.

JULY 1966

~~

R e s e B




AN ANALYSIS OF CARBON DIOXIDE
IN THE ARCTIC ATMOSPHERE
AT BARROW, ALASKA
DURING 1961-1962-1363

REPORT NO, 2

BY
JOHN J. KELLEY, JR,

UNIVERSITY OF WASHINGTON

REPRODUCTION IN WHOLE OR IN PART IS
PERMITTED FOR ANY PURPOSE OF THE

UNITED STATES GOVERNYENT . * Lo

) o .
. R [ A
oo ey n I Lo
o S e R G T T
.

VT RIS L ey TR
TN R AT T wc—— —— - L




DOCUMENT CONTROL DATA-RED

* (Security ~leszlficition of title, body of abstract and indexing anactatirn
must be entered wh3i the overall report is classificd) “W

ORIGINATING ACTIV.IV.iCoiporate author) .a,

University of Washington

3. PORT TITL

Unclassified

GROUP

Au Analysis of Carbon Dioxide in the Arctic Atmosphere at Barrow, Alaska

During

1961-1962-1963

¥, DESCRIPTIVE NOTES (iype of report and inclusive datas)

Techni

cal Report

S.  AUTHOR(S) (

Kelley, John J,

Last name, first name, initial)

6. REPORT DATE

July 1966

Ba. CONTRACT OR GRANT NO,
Nonr u77(24)
b. PROJECT NO,
C. NR 307-252

|
k7a, TOTAL NO. OF ?Acﬁf

1!1

b, NO. OF REFS

5

oazcmﬁo"“"g‘ "REPORT NUNBER(S)

-‘». Repcert #7

fob. OTHER REFORT NO(S) (Any other numbers that
may be assigned this report).

2. SPONSORING WILITARY ACTIVITY

Geography Brarch, Office of Naval

Research, Washington d.c, 20360

13. ABSTRACT

* The results of the measurements of carbon dioxide in air at Barrow,

Alaska are presented,
culations are discussed, The average daily concentrations of

methods of cal

Reference gas comparison data are tabulated, and the

atmospheric carbon dioxide are tabulated for the period 10 July 1961 to

2 October 1963,

also presented,

flasks from several locations in addition to Barrow, are given.

The diurnal variations of carbon dioxide during this period are

Results of the analysis ol carbon dioxide in air, collected in

14, KEY WORDS

Carbon dioxide in the atmosphere
Atmospheric chemistry
Atmospheric trace gases

Arctic

Barrow, Alaska

/\

T N R e e g e




ABSTRACT

The results of the measurements of carbon dioxide in air at
Barrow, Alaska are presented, Reference gas comparison data are
tabulated, and the methods of calculations are disqussed. The
average daily concentrations of atmospheric carbon dioxide are
tabulated for the period 10 July 1961 to 2 October 1963, The
diurnal variations of carbon dioxide during fhis pefiod are also
presénted. Results of the analysis of carbon dioxide in aif,
collected in flasks from several locations in addition to Barrow,

are given,
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This revort presents a surmaryv of measuremerts of the concentra-
tioﬁ of carbon dioxide gas in specially prepared mixtures of nitrogen
gas used in the analysis of carbon dioxide at Barrow, Alaska, The
report follows the general format used by The Scripns Institution of

Oceanography [Keeling, 1965].

This work was supported under a ccntract from the Office of Naval
Research [ONR 477(24)] with the Department of Atmospheric Sciences,
University of Washington., The analytic program was ccnducted c¢oopera-
tively with Dr. C. D. Keeling's (The Scripps Institution of Oceanography,
La Jolla, California) atmospheric carbon dioxide program at Mauna Loa,

Hawaii, and the South Pole Station, Antarctica.

The carbon dioxide program at Barrow was initiated and maintained
from July 1961 to August 1962 by Mr, John J. Kelley, Jr. Operation of
the carbon dioxide analyzer was continued by “r. John Unger from
September 1962 to uarchleBS, and from April 1963 to October 1963 by

Mr. Leander Stroschein.

The Director of the Arctic Research Laboratory, Dr., M. C, Brewer

and his staff, have provided invaluable assistance to the precject.




I, TINTRODUCTION

This report presents tne results of A nprorsram te measure the
concentration of carbon dioxide in‘the atmnsphere at Barrow, Alaska
from July 1981 through Cctober 1963, Jailv averaze values of the

" concentration of CO2 in the surface air are computed from data derived
from original strip chart reéords of a continucus recording infrared
gas analyzer installed at the statiosn, All relevant acata and cormmutae.
tions for ;he years 1961 throuzh 1963 are contained in this repert.

The experimental method is described in a Technicél Peport by
hellev [1964], Interoretation of the data will ke nublished in a
scientific journal, A »srovisional version of reference gas calibration

data for 1961 through 1943 apjears in the Technical 2=2port by

Kelley [19&u4],
PreE——- .

All data in this report are final values, The srorsedure for
computation follows that usad at The Scrinps Institution of Oceancgranhy,

LaJolla, California as Jescribed in Research Renorts I threugh VIII®,

* Copies of these reports may be obtained frem Dr, Charles D. Keeling,

S. I. 0, LaJolla, California
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II., REFERENCE GAS‘COWPARISONS - TABLFE 1

This table lists, in chronological order, loth the observed scale
differences which were used to calibrate the gas analvzer, and their
conversion into index values nroportional to C02 cencentration, The
calibrations of the analyzer consisted of repeated corparisons o¢f pairs
of specially prepared gas mixtures of co, in nitropgen ohtained fron The
Scfipps Institution of Oceanography. Theée reference gas mixtures were

stored in size 7A stainless steel cylinders called '"tanks,"

r
<

Under normal operating conditions ten comparisons were obtained
alternately passing one gas of the pair, and then the other, through the
infrared analyzer for five minutes at the same flow rate employed in the
air measurements (normally 0.5 liters ner minute), As soon as one
series of ten comparisons was run, one or both tanks were replaced and
another pair of tanks corpared., This nrocess was reneated, as a rule,h
three times during the life of a "working refefence" tank: at the
beginning cf use, when the gas pressure was half depleted, and at
400 pes.i., before return of the cylinder to Scricps for final calibra-
tion. The scale difference between twn successive traces, in recorder
chart ordinates, was read with a straight-edne scale (30 divisions to
the inch) by drawing parallel straight lines through each of the traces
belonging to the reference gases, The successinn of individual scale
differences for each tank pair was entered on data sheets, an exémple
of which is shown in Figure 1. The calihkrations described served to

s s

establish the recorder sensitivity of the infrared gas analyzer. They




were also used to determine the index values of reference gases Yaown

as "working references," used in connection with air measurements.

The general method used by The Scrinns Institution for tank
standardization (Figure 2) was modified somewhat at Barrow during the
period covered by this renort., Initially, tws reference gases were
conpared with air every 30 minutes, After modifving the automatic
operation of the analyzer, three referance gases were émnloyei. Two

‘of the reference gases were used as,COﬂaarigon staﬁdards. The third
reference gas was ranked as a "Qorking reference’ and compnared with
air every 30 minutes, The "working refarence" was compared directly to
the comparison standards, primary and svan (high or low), in the absence

of a suitable secondary reference at Barrow,

In Table 1, tanks related té each calibration run are identified
by tank numbers (permanently stamped into the metal). They are listed
in column 1 and 2. Column 1 lists the nunter »f the standard tank;
column 2 lists the number of the tank with which it is comﬁared. The
average observed scale difference for cach tank pajir is liste? in
colunn 3, A positive number indicates that the comnared tank, for that
particular comparison, has a higher scale reading, and consequently a
higher CO2 concentration than the sfandard; a nevative number indicétes

the reverse, The number of cocmparisons (net a2lwavrs 10) which entered

into each average scale difference is listed in colurmn 4,

The recorder sensitivity, determined by coriparisons of the primary
and secondary standards, is exoressed by a "recorder scale factor"

listed in column S, The cemnuted index differences, each with the zare
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sign as the correspcnding scale difference, and the index value of the
compared tank, in terms of a prescribed or "assigned" value of the

standard tank, are listed in columns 6 and 7.

Weighted averaze recorder scale factors, column 5, are copied
from column 7 of table 2, Index differences, coluwn &, were computed

by the formula given in Section IIT-T,

The computed index values, column 7, are the aiggbraic sums of the
index values of the standard tanks lisfed in colunn 1 and the index
differences of column &, The index values of the standard tanks are
those listed in column 8 of Table 7, In the case of primary tanks,
designated Io apd ILS in column 1 of Table 7, they depend solely on the
measurements made at Scrinps. The weighted index values of these tanks.

are given in column 12 of Table 9,

The data listed in Table 1 are for the period % January 1962 to
21 August 1963, Data for the period 172 July 19361 to 5 Janﬁary 1962 are
omitted from this rencrt because the mutuil comparison method of
reference tank calibration had not been in use, DNuring this tire two
reference tanks were compared with each cther at various times during
every day. Reécrder»scale factcrs were determined ‘rom single set

comparisons. These data are presented in Table 3,

The scale differences entered in column 3 of Table 1 are copied
from the original entries on the Reference Cas Data Sheets, Fig, 1. .

The date of analysis is listed in column 8,




III. RECORDER SCALE FACTORS - TABLE 2

A, Pefinition

The recorder scale factor, RSP, is defined as the index difference
bétween two reference gases divided by the number of scale divisions
(30 div, to the inch) between the recorder chart traces for each
reference recorded in units. Ten divisions on the scale were equal to
one unit. The index of a reference gas tank is defined as a provisional

CO2 concentration in ppm based on the initial analysis of the tank,

B, Standard Computation for Three Mutually Compared Tanks

Columns 1 throﬁgh 4, except values with asterisks explained below,
and the last entry in column 4 for each calibration day, list selected
data copied directly from the corresponding columns of Table 1., These

data are employed, as shown below, to obtain daily RSF's,

The following format has been adopted from the Scripps (S10 Reports
1-8) scheme for tank standardizations, where the standard tank index
values have been assigned the symbols A and B, and the compared tank,

without such assignment, the symbol X:

Standard Comnared Observed Scale - No. of
Tank No, Tank No, Difference Comparisons
A X [(x] - [A] a
B X [x] - [B] b
A B [y)* (a or b)*

(vl = ([Xx] - [A]) - ([x] - [B}) = ([B]) - [AD)

——




The 'asterisk on [Y] indicates the calculated valve, and the

brackets iindicate index values. The number of comparisons assigned to

(Y] is "a" or "b", whichever is smaller. The observed scale differences
were taken from the averages of the individual chart scale differences

(Figure 1),

The observed comparisons and calculated values of any group of

three tanks, A, B, and X are set nff in Table 2 by boxes.

C. Determination 2£_Index Differences

Index differences shown in Table 2, column 5, were obtained from

index values of the standard tanks as follows:

|

|

Tank Numbers Index Values Difference
10063 vs 6074 310,44 - 298,99 11.u45
10063 vsiu291 ~310,44 + 335,21 24,77
100863 vsg7351 310,44 - 273,22 37.52
10063 vs?u283 . =310,44 + 343,02 32,58

|
|
|

|

The;index values of separate tanks

|
Table 9 .

D. Weigﬁted Averace Recorder Scale Factors

are obtained from Column 12 of

ColJmn 6 presents RSF's computed according to the definition given

in section III-A., Column 7 presents the weighted average values of the

recorder scale factors for each calibration day. The index differences




in Column 6 of Table i are computed by the formula:

/

Computed
Index =  (Observed Scale Difference)(Weighted Average RSF)

Difference

IV, SUMMARY OF RECORDER SCALE FACTORS - TABLES 3, 4, 5

Values of RSF's are assembled in chronological order in column 4
of Table 4, Table 5 presents a list of sliding RSF's derived for each
day from 1 November 1962 to 31 December 1962, These are adjusted to

30,000 inches of mercury.

Column 7 of Table 3 and column 6 of Table 4 show the result of
adjusting the RSF's of column 5 and 4 of Tables 3 and 4 to a standard
barometric pressure of 30,000 inches of mercury at Barrow. The

following formula was used:

R Adg:stgd le = (Weighted Average PRSF) X 30,000 inches of Hg
eco;aczorca € = Observed baromstric pressure during test (inches of Hg)

The data are divided into fifteen periods, The periods are

separated according to breaks in continuity of the recorder scale

e 4 Y W P LR ¥ Rt B
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factors; & graph of the data from Period 1 through Periqd 11 g shown
in Figure 3. During these periods, breaks in continuity were extreme
due to the development of a method for determining a standard
operating method for infrared analysis at Barrow, Each break is
char#eterited by a change in the span control on the infrared analyzer,
Therefore, discrete periods of relatively constant recorder scale

.- factors are created between span changes, = '~

During periods 13, 14 and 15, a constant recorder span setting was
used and a mutual comparison method of tank standardization was set up,
These data are shown in Figures 4 and 5. A discontinuity existed
between 1 November 1962 and 31 December 1962, This was defined as
period 14 and Table 5 was produced from this period by drawing a line
between the end point of the average RST curve for Period 13 to the
starting point of the average RSF curve for Period 15, Daily RSF's were
derived from this curve in Period 14 and defined as sliding recorder

scale factors,

|

V. INDEX VALUES OF WORKING REFERENCE (GASES - TABLE 6

This table presents index values based li measurements at Barrow,
Alaska for "working reference tanks" (i.e,, those tanks compared with
air) in use during 1961, 1962, and 1963, The entries in columns 1, 2,
3, 4 and 9 have been ccpied from columns 1, 2, 4, 7 and 8 of Table 1,
Column 8 of Table & gives the-tank pressure at which the analysis was
made, All of the comparisons were made with either the primary or low-
span reference gases, numbers 10063 or 7351, Weighted average index

values are listed in cclumn 6,




VI. COMBINED SCRIPPS AND BARPOW INDEX VALUES

|

or

f

This table surmarizes the index values of all reference gases used

t Barrow during 19

WORKING REFERENCE GASES - TABLE 7

l, 1962, and 1963, The weighted average index from

) July 1961 to 1 August 1961 was determined from Scrinps tank compari-

>ns alone, No mut
t that time, The
inks were compared

, identifies the pr

al tank comparison data were available for Barrow
eference tank to which each of the working reference
at Barrow is designated by the symbols Io or ILQ’

S identifies the low span.

~imary tank and IL

Entrles in columns 2. and 3 are the numbers of comparisons and

2ighted average index values based on measurements at Scripps prior to

3e, They are copiéd from Scripps Research Réports IT through VII,

Entries in columns 4 and 5 are numbers of comparisons and weighted

rerage index values based on measurements at Barrow, They are copied

som columns 5 and é of Table 6,

t

Entries in columns 6, 7 and 8 are based on measurements at Scripps

fter use, They aré found in Scripps Research Reports II through VIII,

Entries in columns 9 and 10 list the total number of comparisons

id weighted average index values based on all measurements at Scripns

1
'd at Barrow, except as indicated in footnotes.
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VII, COMPARISON OF SCRIPPS AND BARROW INDEX VALUES

OF WORKING REFERENCE GASES - TABLE 8

This table presents the results of all analyses of Barrow reference
tanks used in the daily comparison with air, The table compares the
results of the analyses made at the Scripps Insti;ution of Oceanography
with those made at Barrow, The total number of comparisons and indices
shown in coluﬁns 2 and 3 are taken from columns 2, 3, 6 and 7 of
Table 7. The number of comparisons and reference tank indices in
columns 4 and § of Table 8 are copied from column 4 and 5 of Table 7,
Entries in column 6 are the differences between index values in parts.
per million 002

represent the index departure from Scripps values. These data are

obtained from measurements at Barrow and Scripps, and

plotted in Figure 6,

VIII. SCRIPPS INDEX VALUES OF PRINCIPAL

REFERENCE GASES - TABLE 9

This table presents a summary of the index determination of all
principal reference gases before and after use at Barrow. Column 1

indicates tank rank., The symhols are:

I Primary tank
11 Secondary tank
| IHS High Span
ILS Low Span
- 11 -
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Columns 3 and 4 present the iniiial nuaber of runs and index
alues before shipment of the tank to Barrow, This information may

e found in the Scripps Reports, whose numbers are listed in column 6,

slumn 7 and 8 list the number of runs and index value of the same tank
stermined at Scripps after use at Barrow, These values are to be

~sund in the Scripps report listed in column 10,

Entries in columns 11 and 12 give the total number of comparisons
id index value for principal reference gases. These values are final

alues and are used in determining the recorder scale factor.

Column 13 lists the time intervals that these tanks were in use at

irrovw,

IX, INDEX VALUES OF AIR WITH CONTINUOUS

ANALYZER - TABLZ 10

» Computation of Index Values
. 1 :
.ﬁrow for 1951 through

363, Column 1 lists the calendar date of the comparison with air,

This table contains all daily CO2 values at Bi

’slumn 2 shows the observed daily average scale diJerence between the
ir trace and the working reference gas trace., Column 3 lists the total
mmber of comparisons fop the déy. A full day consists of forty-eight
1lf-hour comparisons. Column 4 records the average barometric pressure

»w the day. These values were obtained from the original Carbon Dioxide

tily Data Sheets. The observed scale difference in column 2 was

‘ljusted to a standard barometric pressure of 30,000 inches of mercury

-12 -
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by the formula:

hdjusted Observed 30,000 inches of Hz

Scale = Scale X
Difference Difference Average pressure tor the day (inches of Hg)

and this adjusted scale difference is recorded in column 5.

Column 6 lists the RSF's to be used in cenverting scale differences
to index units. These are based on values listed in Tables 3, 4 and S

which have been adjusted to standard atmospheric pressure,

The computed index difference in column 7 is obtained by:

Computed
Index = RSF x Adjusted Scale Difference

Difference

The workiﬁg reference tank used in the comparisen with air is
listed in column 8, its index in c¢column 9, These data ére taken frem
Table 7. For the period 10 July to 18 September 1961 the index values
are found in column 8. For all air data from 19 September 1961 to
2 October 1963 working reference tank indices are to be found in

column 10 of Table 7,

The daily average air index values in column 10 are the algebraic

sums of entries in columns 7 and 9,

-13 -
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In several instances referencg tank changes were made during the
day. In these cases the daily index was computed by first computing
an air index for all of the observations with one tank in use, an
doing the same for the data taken with the replacement tank, These
data are reported separately in column 10, The daily index is taken

as the average of the two separate index values,

B, Hanometric Concentration Scale

Throughout this report, the 002 data have been renorted in terms
of an index scale, It was established »rovisionally at Scripps in 1959
that the true concentration in parts per million by volume is related

to the index scale by:

“Yanometric Cencentration = (C - 311,51) 1.,2186 + 311,51

where C is the index value.

This equation is based on the absolute calibration of primary and
span reference ygases by means of a mercury manometer, It is possible
that future manometric calibhrations may result in further adjustment of
the index scale, The intercept valuei(all.Sl) is believed to be correct.
within 1 ppm; the slope value (1.2186) within 0,001, This well-deter-
mined value of the slope means that no siznificant error exists in

comparing different concentrations in the ranze of 300 teo 320 ppm,

This ejuation has been used tc report atmosnheric CO2 concentrations

- 14 =
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by Keeling [1960], Bolin ard Keeling [1963], Kelley [1964], Pales

and Keeling [1965], and Brown and keeliqg.[lgssl.

Column 11 lists the manometric concentration of the index values

reported in column 10 in ppm CO2 by volume dry air. The data are shown

graphically in Figure 7,

 X. MONTHLY SUMMARY OF AIR DATA - TABLE 12

This table presents the monthlv average conceantration (manometric)

of CO2 in the atmosphere at Barrow, Alaska, from July 1961 to September

1963,

Columns 2, 5, and 8 list the number of days for which air index
values are quoted in Table 10, Columns 3, 6, and 9 list the monthly

manometric indices in ppm CO2 for index values quoted in columns 3, 6,

and 9 of Table 11.

The averages of the monthly values for each year are given in

columns 3, 6, and 9.

XI. CONCENTRATIONS OF AIR REFERRED T2

A CONSTANT DATUM - TABLE 13

This table lists monthly average concentrations from Table 12
referred to a datum of January 1960 on the assumption that the concen-

tration of C02 in the atmosphere over Barrow increased at the rate of

- 15 -




0,06 ppm per month, The pecriod of observation at Barrow was too short
to establish such a rate with certainty., However, the 0,06 ppm per
month rate of increase of CO2 was accepted, based on the observations

at Mauna Loa Pales and Keeling, [1965] and, in the Antarctic by Brown

and Keeling [(1s65].

Composite averages appear in column 5, Column 6 lists the departure

of these averages from the annual mean value of 314,76 ppm.

XII. TWELVE MONTH RUNNING MEAN CONCENTRATION

OF CARBON DIOXIDE - TABLE 14

A twelve-month running mean concentration of C02 is presented in

columns 2 and 3 from data in Table 12,

XIII, THE DIURNAL VARIATION QE.SQQ - TABLE 15

The diurnal variation of CO2 was calculated from the half-hourly

observations recorded on the original Carbon Dioxide Data Sheets, The
diurnal variations are based on hourly air indices by finding the
average index for each hour of the day for each month, as shown

graphically in Figure 8.

- 16 -
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XIV, INDICES AND MANGMETRIC CONCENTRATIONS OF

FLASK SAMPLES - TABLES 16, 17, 18, 19

During the coﬁrse of analysis of air at Barrow, Alaska, with the
infrafed analyzer, samples of air were collected periodically in
evacuated 1l8-liter glass flasks and sent to The Scripps Laboratory for
analysis., These samples were taken primarily to check thelcontinUOUS

analyzer against an independent set of data.

Information in columns 1, 2, 3 and 4 is taken directly from the

original Flask Sampling'Sheets loggaed at Barrow by the operator of the

002 program., Entries in columns 5, 6, 7, and 8 of Table 17 and 19 and

5, 6, 7, 8, and 9 of Tables 16 and 18 are copied from Flask Sample

Laboratory Data Sheets,

Column 4 of Table 16 lists the place (first two letters) where the
flasks were opened, The observer at the time of the flask sampling is

indicated by the second two letters.

LOG OF SYMBOLS

Locations Observers

PB = Point Barrow RS = R, Sommerfeld JK = J, Kelley
AR = Arlis I, II | . BM = B, Mendenhall CC = C, Cooke
T3 = T=3 RR = R, Roulette AH = A, Hanson
BT = Bettles LS = L, Stroschein PD = P, Dix

AN = Anaktuvuk BL = B, Lieske PW = P, Witt
U¥ = Umiat RS = R, Shaver RP = R, Priebe
NA = Natchik DB = D, Bailey JU = J. Unger

HP = H. Peyton

- 17 -
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During 1962, evacuated flask pairs were opened at various Alaskan
locations listed in column 8 of Tables 17 and 19 and column 9 of Table
18, Aircraft flights were made to each of these locations and the

samples were taken at 10,000 feet above the ground surface,

The range entered in column 7 is the concentration difference

between flask pairs, The data are presented in Table 17,

Flask pairs were opened at varicus heights over Barrow, Alaska,

during 1962 and 1963, The data are reported in Table 18,

During August and September 1962, flask samples of air were
collected from the Arctic Research Laboratofy research vessel NATCHIK
at several locations along the coast of the Arctic Ocean, Chukchi, and

Bering Seas. The concentration data are presented in Table 19,

Figure 10 presents a map illustrating the various flask sampling

locations and cruise course of the NATCHIK,

Xv. iNDICES'AND MANOMETRIC CONCENTRATIONS OF AIR

FOR TIMES OF FLASK SAMPLING - TABLE 20

This table presents co, concentrations in air as measured by the

infrared analyzer at times when air samples were collected in glass

flasks as reported-in Table 16,

Columns 1 and 2 show the date and time when the flask samples were

collected, Entries in columns 3, 4, 5, 6, 7, 8, 9, 10, and 11 correspond




- o ¢ il

respectively to entries in'qolumns 2, 4, 5,6, 7, 8, 9, 10, and 11
¢t Table l?wand were obtained in the same manner'except that columns 3,
' b, S5, 7, 14, and 11 are average values which apply to a thirty to sixty
minute period near the time when the flask samplé was taken, rather

than daily values,

XVI. COMPARISON OF CONTINUOUS ANALYZER

AND FLASK SAMPLES - TABLE 21

This table compares the concentration of individual flask samples

collected it Barrow, Alaska, with the average concentration observed by

, | »
the continuous infrared analyzer near the time of collection, Manometric

concentrations are used.
i
{
\
\

Flask concentrations copied from column 7 of Table 16 are listed

in column 3% Analyzer concentrations copied from column 11 of Table 20

are listed in column 4, Differences (analyzer minus flask concentration)
1

are listed in column 5,
}

Figureill shows the departure of the IR analyzer CO, concentrations

from flask sample concentrations,

|
|
i
i

- 10 o
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